Summary: An immunofiltration technique for the semiquantitative assay of human chorionic gonadotropin (hCG) was applied in two versions, using different antibodies. One anti-hCG subunit was immobilized on a glass microfibre disc in the form of six radially located bars, and the dry disc was placed on a waterabsorbing material in a plastic device. A second antibody labelled with horse radish peroxidase conjugate was used in solution. For the colour reaction a solution with tetramethylbenzidine and hydrogen peroxide was used. The number of blue bars appearing on the test disc depended on concentration range of human chorionic gonadotropin. The technique with the monoclonal antibodies, anti-hCG and anti-ahCG-horse radish peroxidase conjugate, was specific for intact human chorionic gonadotropin, while the technique with the rabbit antibodies, raised against synthetic fragment 122-145-hCG and hCG-horse radish peroxidase, was useful for both intact human chorionic gonadotropin and its -chain. Cross reactions with human lutropin and thyrotropin were negligible. Haemoglobin, urea and various tested drugs did not affect the assay. In the assay of human chorionic gonadotropin in the urine of pregnant women and in sera of patients with trophoblastic diseases, the results from the immunofiltration technique were in accordance with data obtained by classical ELISA and by two commercial kits.
Introduction

Materials and Methods
Human chorionic gonadotropin (hCG) is synthesized Hormones by syncytiotrophoblastic cells of the placenta and by Purified human chorionic gonadotropin, isolated from a comtrophoblastic cells of some cancers. Therefore, the mercial hormone preparation (3000-4000 lU/mg, Calbiochem)
, . .. f -' . . , , . . . by chromatography on DEAE-and CM-cellulose, was dissodetection of human chorionic gonadotropin in urine dated in 8 mol/1 urea> and the a . and . subunits were separated or serum is useful in obstetric and oncological diag-on DEAE-Sephadex column (10) . The 3rd International Stannosis (1, 2 techniques, like immunometnc multilayer (3), dipstick Human lutropin and tl f yrotropin were purchas v ed from Calbi-(4), immunoconcentration (5, 6) , one-step chromatoochem. graphy (7) , enzyme channelling (8) and radial partition immunoassay (9), have been described for the Antibodies detection and sentiquantitative assay of human cho- The immunofiltration technique presented in this pafrom mouse ascites fluid on a protein A-Sepharose column (12) . per is fast, sensitive and simple, and can be performed Their airinit y constants for the β-and the α-chain of human by an anskil.cd person even under "on-taboratory H™°c onditions. respectively (13) .
Rabbit antisera were obtained by immunization of rabbits with ßhCG or synthetic fragment 122-145-ßhCG conjugated to thyreoglobulin. Rabbit antibodies were isolated from antisera by immunoaffmity chromatography as described for goat antibodies (14) .
Antibodies were conjugated to horse radish peroxidase 1 ) (Type VI, Sigma) by a modified periodate procedure (15) . Antibodies and human chorionic gonadotropin were radioiodinated by a modified chloramine method (16) 8.3 , and rabbit IgG (1 g/1) were used for drawing six radially located bars (4 mm length and 1 mm wide) on a glass microfibre sheet (Whatman AH 934) with a plotter-computer system. Human chorionic gonadotropin/antibody complex (0.01/0.1 g/1) was also immobilized as a control bar. The sheet was dried, and the immunofilter disc (18 mm diameter) was cut out and placed on water-absorbing material in a plastic device. The immunofilter disc in the device was covered with dry percolating filter Whatman AH 934, soaked with 10 g/1 casein in 0.5 mol/1 Tris buffer, pH 8.3 and dried. The device with the two filters was stored dry at 4-8 °C.
Assay of human chorionic gonadotropin by the immunofiltration technique
Urine or serum (0.2 mi) was pipetted onto the percolating filter and allowed to drain (l min). A drop (0.2 ml) of a solution of a proper antibody-horse-radish peroxidase conjugate (6 mg/1) in 10 g/1 casein, 0.05 mol/1 buffer, pH .7.6, stabilized with 0.5 g/1 thimerosal and 0.2 g/1 gentamycin (reagent A), was then placed on the percolating filter. After draining (2 min) the percolating filter was removed and the immunofilter was washed twice with 0.15 ml of a solution of 0.1 g/1 Triton QS 44 in 0.5 mol/1 NaCl, 10 mmol/1 buffer, pH 7.6 (reagent B). mol/1 citric-phosphate buffer, pH 5.0, and 230 g/1 isopropanol (reagent C) was placed on the immunofilter. The colour reaction was allowed to proceed for 3 min, then 0.15 ml 10 g/1 sodium fluoride (reagent D) was placed on the immunofilter. The number of blue bars on the immunofilter" knows the concentration range of human chorionic gonadotropin in the assayed sample. If the human chorionic gonadotropin concentration waŝ 1300 IU/1, the urine or serum was diluted with phosphatebuffered saline.
ELISA determination of human chorionic gonadotropin in pregnancy urine Wells in microtitre plates (type F, Nunc) were coated with purified antibody (5 g/1) in phosphate buffered saline for l h at room temperature. After blocking with 2 g/1 casein in phosphate buffered saline for 30 min and washing twice with caseinphosphate buffered saline solution the wells were incubated for l h with urine sample (0.1 ml/well) diluted with casein-phosphate buffered saline. The wells were washed twice with caseinphosphate buffered saline and incubated for l h with antibodyhorse radish peroxidase conjugate (0.5 mg/1) in casein-phosphate buffered saline. Then the wells were washed and incubated with 5 rnmol/1 o-phenylenediamine and 6 mmol/l hydrogen peroxide in 0.1 mol/1 citrate buffer, pH 5.0, (0.1 ml/well) for 10 min. The colour reaction was stopped with 2 mol/1 H 2 SO 4 (0.1 ml/well) and absorbances were measured in an El A Reader (Dynatech) at 490 nm.
Other assays
Human chorionic gonadotropin in sera of patients suffering from trophoblastic cancers was assayed using ABBOTT ß-hCG 15/15 Test (Abbott Lab) and Enzymun Test HCG (No. 855332, Boehringer Mannheim) according to the manufacturer's instructions.
Results
Adsorption of the antibodies onto glass fibre sheet
As observed in our laboratory, mouse and rabbit immunoglobulins adsorb onto glass microfibre sheets. This phenomenon was investigated using solutions After washing, bars were cut out and their radioactivity measured.
x as described in Methods. 
Immunofiltration technique with monoclonal antibodies
The number of blue bars appearing on the immunofilter with MoAb-ßhCG bars using MoAb-ahCGhorse radish peroxidase depends on the concentration of human chorionic gonadotropin ( fig. 1) . By using 3rd International Standard for human chorionic gonadotropin, it was possible to determine human chorionic gonadotropin in the range 20 IU/1 to 1300 IU/1 (tab. 3). The range of assayed human chorionic gonadotropin concentration can be increased by dilution of investigated samples either with reagent A or with phosphate buffered saline. Also, dilution of samples with serum or urine from healthy and non-pregnant persons did not affect assays with immunofiltration technique. Addition of known amounts of 300 IU/1 and 800 IU/1 (n = 6) to urine and serum samples gave complete analytical recoveries. A high-dose hook effect was not observed, even with 10 6 IU/1. MoAb anti-ßhCG immobilized on test filters and MoAb antiochCG-horse radish peroxidase conjugate were used as described in Methods.
x Diluted in reagent A.
ative with human lutropin and human thyrotropin (1000 IU/1) and with serum and urine from healthy men and non^pregnant or post-menopausal women.
Human chorionic gonadotropin in urine samples from 63 pregnant women was measured with two monoclonal antibodies by immunofiltration technique and 145-hCG and Ab anti-hCG-horse radish peroxidase conjugate were almost the same as those with monoclonal antibodies presented in table 3 . It was demonstrated also that immuhbfiltration technique with the two polyclonal antibodies was useful for the assay of hCG; the ranges of the assays were the same as those for intact human chorionic gonadotropin, but ahCG, human lutropin and human thyrotropin produced a negligible response: < 0.5%. When immunofiltration technique with polyclonal antibodies was used for the assay of human chorionic gonadotropin in sera of 16 patients with trophoblastic diseases ( fig. 4) simultaneously by ELISA. The linear correlation between mean values from the immunofiltration technique and from the ELISA ( fig. 2 ) was good (r = 0.87, y = 1030 + 0.98x).
The hormone was also assayed in sera from 27 patients with choriocarcinoma and hydatidiform mole by the immunofiltration technique with monoclonal antibodies, and by the Enzymun Test ( fig. 3 ). The correlation coefficient was 0.86 (y = 1.72x -796). 
Interferences
Human haemoglobin (0.4 g/1), urea (20 g/1) and drugs (1 g/1) like acetylsalicylic acid, ascorbic acid, diclofenac, co-tri-moxozole, cyclophosphamide, furosemide, ibuprofen, metamizole and theophylline did not affect the immunofiltration technique assays, using either two monoclonal, or two polyclonal antibodies.
Discussion
We exploited the observation that mono-and polyclonal antibodies adsorb sufficiently to glass micro--fibre sheet for the simple preparation of immunofilters with antibody bars without activation of the sheet and without the use of a coupling reagent. For localization of the antibody-hCG-antibody-peroxidase bars on immunofilters we applied a solution contain-ing tetramethylbenzidine and hydrogen peroxide stabilized with isopropanol. Of 6 chromogenic substrates investigated, this was found to be the most sensitive chromogen for peroxidase (17) .
The application of sodium fluoride solution was necessary for inhibition of the peroxidase reaction and reduction of the colour background which slowly appears on the immunofilter. It was demonstrated that the technique with two monoclonal antibodies (anti-and anti-ßhCG) is useful for the assay of intact human chorionic gonadotropin, and that two rabbit antibodies (anti-122-145-ßhCG and anti-ßhCG) can be used both for intact hormone and its ß-chain.
The immunofiltration technique described in this paper is so fast and simple that can be used for semiquantitative assay of human chorionic gonadotropin in about 8 min, not only in hospitals or laboratories of small clinics, but even by unskilled persons at home. Dry immunofilters in special plastic devices and the four reagent solutions used for the technique are stable for at least 6 months when stored at 2 -6 °C.
The described technique appears to be suitable for monitoring pregnancy and some cancer diseases.
